This paper estimates the effectiveness of capital controls in response to inflow surges in Brazil, Colombia, Korea, and Thailand in the 2000s. Controls are generally associated with a decrease in inflows and a lengthening of maturities, but the relationship is not statistically significant in all cases, and the effects are temporary. Controls are more successful in providing room for monetary policy than dampening currency appreciation pressures. We argue that the macroeconomic impact of capital controls depends on the extensiveness of the policy, the level of capital market development, the support provided by other policies, and the persistence of capital flows. JEL Classification Numbers: F32, F21, F41
I. INTRODUCTION
Rising capital inflows into emerging market economies (EMEs) in the mid-2000s led some countries to introduce capital controls. Strong economic performance and relatively high interest rates in EMEs attracted capital inflows from advanced economies with low interest rates. When excessive, inflows raise concerns over undue appreciation pressure on the currency, which can reduce the competitiveness of the EME's export sector and raise the possibility of a sudden reversal in short-term inflows and concomitant risks to macroeconomic and financial stability. These concerns motivated some countries to introduce controls on capital inflows.
The effectiveness of capital controls is, however, unclear, as concluded by previous studies. 2 A consensus arising from the literature is that capital controls can help lengthen the maturity of inflows and temporarily allow greater monetary autonomy, but they are less successful in discouraging capital inflows or easing currency appreciation pressure. These conclusions are based on extensive studies on episodes in the 1990s and on still-scant research on the policies implemented in the 2000s. Because many EMEs have opened up their capital accounts over the past decade and significantly developed their financial sector, the effectiveness of capital controls is again an important question, since capital controls are considered to be less effective in the context of sophisticated financial markets and a relatively open capital account.
This paper provides a quantitative assessment of the effect of inflow-control tightening and outflow liberalization implemented in selected EMEs in the 2000s in response to capital inflow surges. Our study focuses on episodes of foreign exchange tax in Brazil (2008) , unremunerated reserve requirements (URR) in Colombia (2007-08) , and Thailand (2006-08) , and extensive outflow liberalization in Korea (2005-08) . 3 We analyze the episodes on a country-by-country basis to evaluate each country's policy separately. Country case studies also allow us to consider detailed changes in regulations that are not directly comparable across countries.
More specifically, we assess the macroeconomic impact of the polices by their ability to achieve four objectives: (i) stem capital flows; (ii) lengthen the maturity of capital inflows; (iii) allow greater room for the monetary authorities to raise interest rates; and (iv) ease currency appreciation pressure. To this end, we first construct indices tracking the intensity of temporary price-based capital controls and of other, more permanent controls on the capital account, based on reported policy changes. By separating temporary capital controls from other capital controls, we can analyze the effect of these policies separately in achieving the policy objectives. In addition, we control for various determinants of capital flows, other than capital controls, which helps in understanding country-specific factors. We quantify the impact of the policies on a time-series of capital flow data by applying a generalized method of moments (GMM) and vector autoregressive (VAR) estimation.
The estimation shows mixed results; capital controls are sometimes effective in achieving the policy objectives, while in other cases they are not.

First, there is some evidence that capital controls reduced the volume and improved the maturity of capital flows. The URR in Colombia has reduced the volume of capital inflows. It also affected short-term flows and thus helped lengthen the maturity structure of inflows. Thailand's URR also affected the volume of net capital flows, but the effect materialized through increased outflows. However, the foreign exchange tax in Brazil, and outflow liberalization in Korea do not appear to have had a significant impact on the volume or the composition of flows.
 Second, we find that the capital control policy in Brazil and Colombia provided greater room for monetary policy to raise interest rates.  Third, controls or outflow liberalization could not ease appreciation pressure in any of the countries.
 Fourth, other capital control policies can help achieve the objectives. For example, outflow liberalization in Thailand increased outflows and reduced net capital flows. Thailand's general inflow controls, which were tightened just before the introduction of the URR, and outflow liberalization helped maintain monetary policy autonomy.
 Finally, in all cases, the impact of the policies was temporary.
Considering potential reasons behind the policies' limited effectiveness, we argue that the macroeconomic impact of capital controls depends on the particular policy's extensiveness, the level of capital market development, other supporting policies, and the temporary or permanent nature of capital flows.
 First, capital controls that target a narrow component of capital flows may not have a noticeable macroeconomic impact. When the share of the targeted flows in total inflows is not sufficiently significant, even successfully implemented controls may not be able to lower the total volume of flows or decrease currency appreciation pressure. For example, in Colombia, the implemented policy successfully moderated short-term flows, but could not stem appreciation of the currency, because the majority of flows-namely, foreign direct investment (FDI)-were exempt.  Second, the anticipated effect is even more difficult to achieve when the capital market is well developed, because investors can more easily find ways to circumvent the controls. For example, the sophisticated derivative market in Brazil may have decreased the effectiveness of the tax.
 Third, other capital control policies may be needed to achieve the controls' objective. For example, liberalizing outflow controls helped curb net capital flows in Thailand.
 Finally, because controls are effective only in the short term, they are more suitable for dealing with temporary surges in capital flows. To maintain effectiveness, controls may need to be adopted over time to close loopholes and minimize circumvention. However, an expansion of the controls can increase the distortions leading to adverse long-term growth effects.
Our work contributes to the existing literature on the effectiveness of capital controls in three important ways. First, it creates a new index of capital controls based on the changes in de jure capital controls. This index provides a more nuanced tool to track the evolution of capital controls than other capital control indices, which measure the existence of controls on a more aggregated level. Furthermore, the index, contrary to other existing capital control indices, allows high-frequency observations, since it tracks changes in the respective regulation monthly. Second, unlike other studies, this one separates temporary capital controls implemented in response to surges in capital inflows from other, more permanent capital controls, thus allowing separate analysis of these policies' ability to achieve their objectives. Third, by applying one framework for all the countries chosen for the analysis, it allows general conclusions to be drawn from the recent-and until now less studiedepisodes of capital control policies implemented in response to capital inflow surges.
The rest of the paper is organized as follows. In Section II, we briefly describe how each country has responded to capital inflows during the past decade. In Section III, we construct the capital control index. Section IV analyzes the determinants of capital flow volume by GMM estimation. In Section V, we present the VAR results to assess the effectiveness of capital controls on macroeconomic policy objectives. Section VI concludes.
II. CAPITAL CONTROLS IN EMERGING MARKETS DURING THE 2000S
Capital controls can take various forms, and their specific design differs across countries. 4 Table 1 summarizes the level and composition of flows to each country in our sample. Figure  1 presents the trends of private capital flows.
A. Brazil
Foreign exchange inflows in Brazil have been increasing since the early 2000s ( Figure 1 ). Capital inflows to Brazil increased on account of declining country risk premiums due to strong fundamentals, relatively high interest rate differentials with advanced economies, and reduced exchange rate volatility. FDI has been the largest source of inflows, approximately 2.8 percent of GDP (Table 1) . However, portfolio inflows to both bond and equity markets have been growing, rising from 0. Concerns about the potential effects of further inflows on external competitiveness led to the introduction of capital controls in the form of taxes in 2008. Taxes up to 7 percent on foreign borrowing and 9 percent on receipts from fixed-income funds had already been implemented earlier when large, mainly portfolio, inflows had put pressure on the exchange rate in the second half of the 1990s. In 1999, a 5 percent tax was imposed on foreign borrowing with maturities shorter than 90 days.
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Following a series of foreign exchange interventions, taxes 4 In this paper, capital controls are defined in accordance with the concept of restrictions on capital transactions as set out in the Organization for Economic Cooperation and Development Code of Liberalization of Capital Movements; that is, measures that restrict capital transactions and discriminate between residents and nonresidents. Thus, they generally correspond to the residency-based capital flow measures as defined in IMF (2011).
5 See Cardoso and Goldfajn (1998) and David (2007) for assessments of the foreign exchange tax in Brazil during the 1990s.
on capital account transactions were reintroduced in March 2008 at the rate of 1.5 percent on fixed-income investments. 6 Funds related to equities, equity derivatives, initial public offerings, and subscription for shares remained tax exempt. In May, the tax was extended to cover "simultaneous operations" to prevent circumvention of the inflow tax.
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The tax was reduced to zero in October 2008 at the peak of the global financial crisis, when the exchange rate came under depreciation pressures.
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B. Colombia
Colombia has staged a successful economic performance since the economic crisis in 1999. On average, real GDP growth rose from -4 percent in 1999 to 7 percent in 2006, and 7.6 percent in 2007. The peso appreciated significantly in the second half of 2006, in light of surging capital inflows (Figure 1 ). With the fiscal stance remaining neutral, the monetary tightening resulted in a significant hike in the policy interest rate, thus attracting even more capital inflows. Throughout the 2000s, inflows to Colombia have been predominantly in the form of FDI, accounting for 3.48 percent of GDP on average, or about 95 percent of total inflows (see Table 1 ). Although FDI inflows remained strong, driven by higher-than-average growth in the region, non-FDI inflows increased sharply and the exchange rate continued to appreciate in early 2007.
Until 2007, the authorities adjusted controls mainly on portfolio inflows. In 2001 and 2002, the controls took the form of regulations on the issuance of securities by residents and a ceiling on the purchase of short-term fixed-income securities by nonresidents. These measures were followed by the liberalization of securities derivatives and of controls on nonresident foreign currency deposit accounts and the lifting of the withholding tax on certain foreign exchange receipts. Between December 2004 and June 2006, a minimum-stay requirement of one year was imposed on nonresidents' portfolio investments. Following the failed attempts to limit peso appreciation through sterilized interventions, which amounted to US$4.5 million from January through April 2007, capital controls were introduced in the form of a 40 percent URR on foreign borrowing in May 2007. The URR was extended to nonresidents' portfolio investments a few weeks later in light of the accelerating portfolio inflows. Withdrawal of funds before a six-month mandatory reserve period was subject to penalties of 1.6 percent to 9.4 percent of the reserve, depending on the length of time they were held. Nonresidents' direct investments in Colombia and Colombian institutional investors' transactions, which represented a significant share in the foreign exchange market, were exempt from the URR.
To address prudential concerns related to the high foreign exchange exposure and to limit the circumvention of controls, banks' gross derivative positions were limited to 500 percent of capital. The measure aimed to reduce banks' ability to take a position against the peso, since nondeliverable forward transactions were considered to facilitate the carry trade by providing a vehicle for investors' Colombian exposure. By restricting derivative positions, it was hoped that the measure would affect capital flows and the exchange rate. The ceiling was later raised to 550 percent of capital in May 2008.
The controls, which also aimed to address macroprudential concerns, were adjusted several times in response to market developments before they were eliminated. In June 2007, equities issued abroad were exempted, thus expanding the options for securities trading without being subject to the URR. In December, the URR on initial public offerings was eliminated and early-withdrawal penalties were reduced. Although foreign borrowing declined, appreciation pressures persisted and, as a result, the URR on foreign borrowing was increased to 50 percent in May 2008, while the penalties for the early withdrawal of funds were increased in June 2008. To prevent the circumvention of controls, a two-year minimum-stay requirement was implemented on inward FDI. The controls (except for the ceiling on the gross derivative position of banks) were ultimately lifted during SeptemberOctober 2008 with the onset of the global crisis and the drying-up of external liquidity.
C. Thailand
Large capital inflows led to a significant appreciation of the baht and ultimately prompted the introduction of additional capital controls in 2006 (Figure 1 ). Although nonresidents had long been permitted to invest in bonds and money market instruments, most capital transactions were controlled in the early 2000s, typically subject to the Bank of Thailand (BOT) approval. Additional limits on nonresidents' baht deposits were introduced in 2003. Nonetheless, inflows persisted, and the baht appreciated by 9 percent between 2005:Q3 and 2006:Q3. To decrease further exchange rate appreciation, the authorities intervened extensively in the foreign exchange market, building up net reserves of US$18 billion in 2006. Some capital controls were also tightened; in November 2006, banks' issuance and sale of bills of exchange in baht with nonresidents was limited, and in December 2006, a restriction was placed on nonresidents' short-term investments in baht financial products issued by local banks exceeding B 50 million without real underlying trade or investment. Ultimately, the authorities introduced controls on all capital inflows except FDI in December 2006. 9 The main element of the new capital controls was a 30 percent URR. Financial institutions were required to withhold 30 percent of all foreign currency purchased or exchanged against baht exceeding US$20,000. The amount withheld was refunded after one year on proof that the funds had been kept in Thailand for at least one year. To further discourage short-term inflows, funds transferred abroad within one year were effectively taxed at a rate of 10 percent because only two-thirds of the 30 percent withheld could be refunded.
The URR, which was adjusted several times until it was finally eliminated in early 2008, was complemented by other controls. Stock market equity inflows were exempt after one day because the introduction of the URR resulted in a sharp decline (15 percent) in equity prices. Strict limits were imposed on domestic banks' cross-border lending and borrowing in baht. By the time the URR was lifted in March 2008, the ceiling on nonresidents' investments in debt securities and loans of domestic banks had been reduced to B 10 million from B 50 million; while the limit on lending to nonresidents had been increased to B 300 million.
The authorities also extensively liberalized capital outflows to stem appreciation pressures. During 2007-08, the BOT raised the limit on overseas portfolio investments by residents, including certain institutional investors and Thai-listed companies. The ceiling on outward FDI was also raised for investments in affiliated companies in January 2007. The deadline for repatriating foreign exchange proceeds was extended in February, allowing residents to keep their proceeds abroad in foreign currency longer, thereby relieving some of the pressure on the exchange market. In the same vein, regulations governing residents' foreign currency deposits and real estate investments were relaxed in July 2007 and February 2008.
Despite gradual easing, the capital account remains largely controlled. Most outward capital transactions and many inward transactions are subject to ceilings above which BOT approval must be obtained. Foreign equity investment in nonfinancial Thai corporations may not exceed 49 percent, except for some sectors where 100 percent foreign ownership is allowed; lower limits apply to investments in financial corporations and in certain other sectors.
D. Korea
In the decade between the Asian and the recent global crisis, Korea has made an impressive economic recovery. Strong growth led by exports and a declining current account surplus characterized the period. Large capital inflows, attracted by stable fundamentals and well-developed and generally open financial markets, allowed significant reserve accumulation in the context of a generally floating exchange rate arrangement and occasional interventions since the early 2000s ( Figure 1 ).
Short-term external debt, largely in the form of borrowing by foreign bank branches, has risen sharply since 2006 ( Table 1 ). The borrowing was partially related to increased hedging of export revenues by local shipbuilders and some arbitrage opportunities in the sovereign bond market. Korean shipbuilders only began to hedge their foreign exchange exposure in 2004 and have increased their hedging ratio in anticipation of continued won appreciation.
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In addition, local branches of foreign banks, which were subject only to risk management standards and not to liquidity ratios or other direct regulations applicable to local banks, have borrowed dollars short-term, sold these dollars for won on the spot market, then bought certificates of deposit or other domestic bonds and sold the won forward for dollars. Against the backdrop of strong capital inflows, the authorities progressively liberalized capital outflows. Relaxation of the controls on outward investments was accelerated, partially to stem appreciation pressures, resulting in the elimination of most of the controls by 2007. The upper limit on Korean insurance companies' assets in foreign currency was increased to 30 percent in March 2005, and repatriation requirements on proceeds from residents' capital transactions abroad were relaxed in 2006. Limits were gradually increased on residents' investments abroad and finally eliminated by removing the ceilings on individuals' FDI and real estate purchases abroad in March 2006. In the same year, the previous approval requirement on certain capital transactions was changed to a notification requirement, thus reducing the administrative burden on market participants. In 2007, reporting requirements related to capital transactions were further relaxed, allowing more freedom in extending won loans to nonresidents.
III. MEASURING THE INTENSITY OF CAPITAL CONTROLS
We summarize the evolution of policy measures by indices on (i) price-based inflow controls; (ii) other inflow controls; and (iii) other outflow controls.
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Each index tracks cumulative changes in regulations on capital transactions as reported in the IMF's Annual Report on Exchange Arrangements and Exchange Restrictions (AREAER) database.
Price-based inflow control index
The intensity of price-based controls, such as a URR and a foreign exchange tax, is captured as a composite of a coverage index and effective tax rates. The coverage index counts the number of asset types that are subject to the control. The index increases when the control is introduced or extended to a previously exempt type of flow. The index decreases when the control is eased or lifted. The increment of the index depends on the number of affected asset types. For example, taxing one type of asset receives a value of 1. When the control is gradually relaxed by allowing exemptions within one type of flow, we divide the increment by the number of liberalization steps, which ensures that the coverage index stays at zero when the control is completely lifted. The effective tax rates are defined as follows: For the exchange tax in Brazil, the actual tax rate is used. For the URR in Colombia and Thailand, the effective tax rate refers to the tax equivalent URR rate, which is defined by , where is a foreign interest rate the investment could earn elsewhere, is the percent of flows subject to the URR, is the holding period of deposits at a central bank, and is the maturity of the investments. See De Gregorio, Edwards, and Valdés (2000) for more details. The index of price-based inflow controls in the analysis is obtained by multiplying the effective tax rate by the coverage index reported in Figure 2 .
Other inflow and outflow control indices
The other inflow (outflow) control index measures the evolution of controls on nonresidents' investment in the country (residents' investment abroad). We code each change in regulations on capital transactions as reported in the "changes" section of the AREAER as 1 if the regulation is tightened or -1 if it is relaxed. When multiple measures were introduced on the same day, each measure is counted as one change. The changes are then weighted by the number of affected asset types.
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For example, a change that liberalizes both FDI and equity purchases by nonresidents receives a value of -2 for inflow controls. The index summarizes changes in a given month (or quarter), taking into account the number of days the regulation was in effect. For example, if the regulation went into effect the 20th day of a month, the index considers one-third of the change to take place in that month and two-thirds in the following month. Except for the weighting method, the index is constructed in a similar way to the intensity index used in Cardoso and Goldfajn (1998) . Figure 2 plots the cumulative indices for each country, summarizing the policy measures described in the previous section.
14 Inflow controls were tightened in Colombia and Thailand starting in the early 2000s, whereas Brazil and Korea eased controls on inflows during the same period. In both Brazil and Thailand, other inflow controls were tightened later, along with the introduction of a price-based control. This pattern indicates that price-based controls are usually implemented as a part of a broad policy package. Controls on outflows were liberalized in most countries, especially in Brazil and Korea, starting in the mid-2000s. Thailand shifted its focus from inflow controls to outflow liberalization in 2008. The balance of payments describes net transactions between residents and nonresidents. Total flows are determined from flows in direct investments, portfolio investments, derivative investments, and other investments. In the balance of payments tables, inflows refer to changes in the liabilities of each component, and outflows refer to changes in the assets of each component. All flows are expressed as a percent of GDP.
IV. DETERMINANTS OF CAPITAL FLOWS
A. Data
16
The summary statistics on the volume and composition of the flows are reported in Table 1 . Outflows are expressed with a negative sign, and a higher value in the absolute term refers to a larger amount of outflows.
Private capital flows are obtained by stripping out public sector (monetary authority and general government) flows in portfolio investment assets, other investment assets, and other investment liabilities. The government sector's portfolio investment liabilities are included because the series includes nonresident private investors' transactions in local public sector securities, which can constitute a large portion of private capital flows.
As for the maturity of flows, we consider all portfolio investments, derivative investments, and short-term other investments to be short-term flows. Remaining flows, made up of direct investments and non-short-term other investments, are considered long-term flows. For Colombia, due to the data limitations, long-term flows refer to direct investments, and short-term flows comprise portfolio investments and all other investments.
International capital flows into countries that provide better investment opportunities (pull factors) from countries with abundant capital (push factors). We choose potential determinants of capital flows based on the existing literature. The pull factors include domestic interest rates, expected appreciation of a currency, business cycles, investment risks, and current account balance.
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Corresponding variables in advanced economies are used to control for global push factors. The United States is used as the benchmark foreign country.
Interest rates and expected change in the exchange rate
Interest rates in domestic and foreign economies and an expected change in the nominal exchange rate are used to measure an expected return on international investments. We use money market interest rates in the domestic market and in the United States. The expected exchange rate is measured by a three-month forward exchange rate premium, which is defined by the difference between the forward and spot exchange rates.
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A higher domestic 16 Monthly GDP is constructed by extrapolating the quarterly GDP series from the industrial production index. See Appendix 1 for more details on the series definition. 17 We also tried to include a commodity price index in the regressions for Brazil and Colombia, because high commodity prices were one of the key factors driving capital flows to these countries. The commodity price index is constructed with their export share in 2005. However, the variable did not become significant and is excluded from the specification in this paper. 18 Although forward premiums also reflect interest rate differentials, they are typically of longer term than policy rates, which are also included as a proxy for yield on short-term investments. interest rate, a lower foreign interest rate, and an expected appreciation of the currency (lower forward premium) are expected to contribute to an increase in capital flows, especially in portfolio investment flows.
Business cycle
Strong economic growth also attracts capital flows. We control for the impact of the business cycle, which is defined as a cyclical component of the log real GDP obtained by applying the Hodrick-Prescott (HP) filter.
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A country is more likely to receive capital for a higher expected profit in the future when its economy booms (positive deviations from the trend), and vice versa for the business cycle in foreign economies.
Investment risks
To control for investment risks, we include three different indicators. The first is JPMorgan's EMBI global sovereign spread.
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It tracks the difference between returns on dollardenominated sovereign debt instruments and on U.S. Treasury notes, which are considered to be risk free. The second indicator is the International Country Risk Guide (ICRG), whose composite risk ratings take into account the political, financial, and economic risks for each country. Third, we include a volatility index in the options market, the Chicago Board Options Exchange Volatility (VIX) Index, to approximate global risk appetite. A lower EMBI spread, a higher ICRG index, and a lower VIX index are all associated with lower investment risk and are likely to attract foreign capital.
Current account balance
Finally, we include current account balance as a potential determinant of capital flows. A larger current account deficit implies that more funds are available for nonresidents to invest in the capital market. Therefore, we expect a negative sign for the relationship between current account balance and capital flows.
Most variables in the analysis are defined as stationary. First-difference series are used for the capital control indices 21 and the ICRG index. For a few series (in particular, real exchange rates, interest rate differentials, EMBI spreads, and the VIX index), we cannot reject the null hypothesis of a unit root during our sample period for all countries. In a longer sample, the nonstationary null is rejected, which implies that a short sample length is the main reason for the inability to ensure stationarity. Thus, the following results use these variables in levels. See Appendix II for a summary of the stationarity tests.
B. Results for the Pull and Push Factors
We first estimate the impact of the pull and push factors on the volume of capital flows in a reduced-form regression. Capital flows, a dependent variable, are measured by both net flows (inflows minus outflows) and inflows expressed as a percent of GDP. We also separate shortterm flows from long-term flows to test for the maturity-lengthening effect of capital controls. To address a potential endogeneity problem between capital control policy and the amount of capital flows, we report both the ordinary least squares (OLS) estimates and the GMM two-stage least squares (2SLS) estimates that employ lagged variables as instruments. For brevity, we only report the regressions with monthly data when monthly data are available.
22 , which report the regression results for each of the four countries, show that most pull and push factors have the expected signs. In all of the cases, J-statistics do not reject the validity of the instruments used.
Interest rates and expected change in the exchange rate are significant determinants of capital flows. A higher domestic interest rate attracted capital inflows in the case of Brazil, Colombia, and Thailand. The level of the foreign interest rate is barely significant in any of the country cases, but is generally associated with a negative sign. Expected appreciation, proxied by a negative forward premium, is also a significant factor in determining financial flows for most countries. In the case of Brazil, these factors are more important for explaining the short-term flows, which is consistent with the expectation. In Korea's regressions, interest rates and the forward premium have the opposite sign, but that relationship can be attributed to the capital inflows from a third country, Japan. When controlling for the interest rate in Japan, those signs become insignificant.
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Capital flows to EMEs tend to increase during a recipient economy's upturn and decrease during an advanced economy's upturn. This relationship between business cycles and capital flows is significant for Brazil, Thailand, and Korea. 22 We obtained qualitatively similar results from quarterly regressions, which are available on request. 23 These results with Japan's interest rate are not reported, but are available on request. With respect to the effectiveness of Korea's outflow liberalization policy, all results here are robust if Japan is used as the benchmark country.
A lower EMBI sovereign spread and a lower VIX volatility index, both of which are associated with lower risk, encouraged capital inflows to Brazil, Colombia, and Korea. The ICRG index is not strongly associated with capital flows.
Some capital controls appear to decrease the volume of capital flows significantly. We will discuss our findings from the GMM estimation along with the VAR estimation in the following section. Therefore, we only briefly describe some key results here.

Brazil's tax and other capital controls did not significantly affect the flows, although they generally have the expected sign (Table 3) .  Colombia's URR seems to have reduced short-term inflows, but it didn't strongly affect total flows (Table 4) .
Colombia implemented other inflow controls before the introduction of the URR, but they were not effective.
Thailand's liberalization of outflow controls 24 seems to have contributed to an increase in outflows and a decrease in net flows with a lag (Table 5) . 25 At the same time, the URR was also effective in reducing the net total flows, but it did not affect total inflows.
Overall, these regressions confirm the significance of pull and push factors in explaining the volume of flows and also suggest that some capital controls were effective. The determinants of capital flows depend on the individual country, but the factors that are most frequently significant are the domestic interest rate, expected changes in the exchange rate, the domestic business cycle, the EMBI global spread, and the current account balance. 26 24 Thailand's regressions include the outflow control index with one-quarter lag. We included the lag because the outflow control index would otherwise find the opposite sign, and the relationship was statistically significant. That is, without the lag, the outflow liberalization is associated with increasing inflows. The relationship seems to be the result of almost simultaneous central bank removal of inflow controls (including the URR) and outflow liberalization, which makes it difficult to identify their impact separately. It is also reasonable to include the outflow liberalization index with a lag. Outflow liberalization is likely to become effective after a lag during which domestic investors adapt through accumulation of information and experience with investments abroad. 25 We also performed regressions for the other countries with a lag, but Thailand is the only case where a choice between lagged and contemporaneous outflow controls matters. 26 We experimented with parsimonious specification by excluding some exogenous variables and confirmed the robustness of our results for the effects on capital inflows.
V. VECTOR AUTOREGRESSIVE ANALYSIS ON THE EFFECTIVENESS OF CONTROLS
A. Estimation Setup
We use a VAR framework to assess the effectiveness of capital controls in achieving their policy targets, including lengthening the maturity of flows, maintaining a higher interest rate differential, and easing currency appreciation pressure, in addition to stemming the volume of capital inflows (Magud and Reinhart, 2007) . The framework allows us to obtain the dynamic response of macroeconomic variables to controls over time.
We treat the following as potential endogenous variables: The ordering of variables for Cholesky decomposition is decided by the presumption that policymakers first decide on a temporary capital control measure (e.g., tax, URR, or prudential policy). Then they decide on the general restrictiveness of capital account transactions; some of the controls are designed to support the temporary measures. Given this investment environment, an interest rate differential is realized, determining the capital flows and yielding the real exchange rates.
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The simultaneity of capital controls and capital flows is addressed as long as the authorities do not respond to the capital flows immediately within the same period. These are the pull and push factors used in the regressions in the previous section. To avoid the simultaneity problem, a lagged current account balance is used.
The VAR system is estimated for each country with quarterly (monthly) data for the period 2000:Q1 (January) to 2008:Q2 (August) with one lag, which is chosen by the Schwarz information criterion. The sample period is a sensitive issue, and we chose to truncate it prior to the global financial turmoil in 2008. Note that it was in October 2008, after the onset of the financial crisis, that Brazil and Colombia lifted their price-based controls. Hence, at the end of our sample period, the capital controls were still in place in these countries. Because it is generally acknowledged that the effectiveness of price-based capital controls erodes over time, our analysis may overestimate the impact of these measures by excluding a later phase of the control period and a postcontrol period. At the same time, the 2008 financial crisis initially brought about massive capital outflows from these countries and resulted in exchange rate depreciation, which reversed later on. Given that omitted unmeasurable factors, such as investors' risk aversion, seem to dominate the movement of capital flows during the crisis period, extending the analysis to cover the crisis period may also bias the estimates. Because some results are not robust when the sample covers the postcrisis period, we decided to omit it.
B. Results by Country
Impulse responses to a change in capital control measures are presented in Figures 3-13 . Table 2 summarizes the results of the VAR analysis by country, measure, and objective. The impulse responses show the effect of a one standard deviation shock in capital controls on the endogenous variables. The solid lines in the figures depict the response of endogenous variables, and the dashed lines report the plus or minus two standard error bands, which yield the 95 percent confidence intervals. For each country, we apply two specifications: one includes total net capital flows, and the other decomposes the flows into short-term inflows, short-term outflows, long-term inflows, and long-term outflows. To save space, we present the full results only for the first specification. For the second specification, we focus on the responses of different types of flows, but we find the same qualitative implication for the other endogenous variables.
Note that in all the following cases, capital controls, especially price-based ones, do not have long-term effects. A possible explanation is that circumvention erodes the effectiveness of the controls, thus preventing the policies from having long-lasting effects. Another reason is that the control itself was implemented as a temporary measure. Because price-based policies were lifted within a few years, the policies cannot have a longer effect. Brazil
The exchange tax shows only limited effectiveness. The impulse responses for Brazil in Figure 3 show that the tax helped maintain a higher interest rate differential but otherwise had no significant impact on the volume of net capital flows or real exchange rates. The lower left panel indicates that, in response to a one standard deviation shock to the tax index, Brazil could maintain an interest rate differential that is 0.1 percent to 0.2 percent larger than the pretax level for two to five months without attracting significant capital inflows. However, the other panels of the figure show that the total volume of capital flows did not change significantly after the introduction of the tax; hence, it could not stem the appreciation pressure. The tax is actually associated with a slight appreciation of the currency.
Nor did the tax lengthen the maturity of capital flows to Brazil. Figure 4 presents the responses of disaggregated flows. None of the flow types shows a significant change in response to the tax. This result is consistent with the GMM estimation in the previous section ( Table 3 ) that finds the tax has no impact on either the total flows or on short-term flows.
The ineffectiveness of Brazil's exchange tax can be partially attributed to a sophisticated local derivative market that facilitated circumvention of the tax. Carvalho and Garcia (2008) analyzed the previous tax episode in the 1990s and concluded that the effectiveness of the tax in Brazil was short-lived because of the existence of sophisticated financial markets. The episode in Brazil illustrates the difficulty of imposing inflow controls in the context of already liberalized capital markets.
Although the tax and other inflow controls were both ineffective in deterring the capital inflows, the VAR shows that the outflow control index is significantly associated with the volume of long-term outflows for one month. (The corresponding impulse response function is not presented for brevity.) A negative one standard deviation shock to the outflow control index 29 encouraged long-term outflows of about 1 percent of GDP. Although outflow liberalization does not show a significant effect on net flows, it is associated with a decrease in net flows. Therefore, the outflow liberalization policy that Brazil has implemented since 2000 may have partially helped reduce the net capital flows.
Colombia
The URR in Colombia appears to have been effective in reducing net capital flows in its initial phase, although the evidence for the whole sample period is weak. In an exercise with the data covering the full sample period, from January 2004 to August 2008, we do not find any significant impact of the URR ( Figure 5 ). However, if we truncate the sample after December 2007 and focus on the period until about six months after the introduction of the URR, the VAR shows that the URR reduced net capital flows and allowed a higher interest rate differential ( Figure 6 ).
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In addition to initially reducing overall flows, the URR changed the composition of the flows in the short term and contributed to maintaining higher domestic interest rates. Most of the reduction in the capital flows is attributable to the change in short-term inflows (Figure 7) , whereas the URR also raised short-term outflows. Because direct investments were exempt from the URR, the policy did not affect long-term flows significantly. The GMM estimation in the previous section, reported in Table 4 , confirms the significant impact on the volume of short-term flows. Consequently, the URR was able to alter the composition of the capital flows, thus reducing the related vulnerabilities. The effect on the volume of non-FDI flows is in line with Clements and Kamil (2009) . Concha and Galindo (2009) conclude that Colombia's inflow controls between 1998 and 2008, including the URR, were not effective in altering the volume of short-term and long-term flows. This can be reconciled by our conclusion that other inflow controls prior to the URR were ineffective, and the URR had only a short-lived impact. Our findings are in conflict with another existing work by Coelho and Gallagher (2010) , which finds that the URR had an effect on the total volume but not on the composition, potentially because they do not fully control for push and pull factors.
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The fact that we find significance only in a shorter sample period indicates that the effect of the URR was short-lived. The ineffectiveness of strengthening the URR in December 2007 seems to explain such a result. Focusing on the initial phase of the URR, the impulse response shows that a one standard deviation shock to the URR policy reduced the total net 30 In a separate analysis with quarterly balance of payments data for the period 2000:Q1-2008:Q2, we find a significant impact (at the 10 percent level) of the URR on capital inflows. 31 Another major difference between our analysis and Coelho and Gallagher (2010) is that we use foreign exchange market data, whereas they use balance of payments data. However, the difference in the data sets does not seem to account for the conflict, because we confirmed the robustness of our findings with the quarterly balance of payments data. capital flows by 0.2 percent of GDP for two to four months and it allowed a marginally significant increase in the interest rate differential, which lasted less than two months.
As for its ability to stem appreciation pressure, the URR was not successful even in the short term (lower right panels in Figures 5 and 6 ). This conclusion is in line with other case studies of Colombia. Because the majority of capital flows to Colombia comprised direct investments (Table 1) , which were not targeted by the URR, stemming appreciation pressures could not be reasonably anticipated.
Thailand
Thailand's URR negatively affected the volume of net capital flows (inflows minus outflows); however, it did so by increasing outflows (Figures 8 and 9) . A one standard deviation shock to the URR index caused capital outflows equivalent to 2 percent of GDP for one quarter. The URR did not significantly decrease the inflows, although it was weakly associated with a reduction in short-term inflows. 32 Table 5 shows the consistent results from the GMM estimation indicating that the URR was effective in stemming the total volume of flows, but did not significantly affect inflows. The effect of the URR on outflows can be accounted for by a loss of residents' confidence in domestic policies. In Thailand, the announcement of the URR in December 2006 triggered a sharp drop in stock prices, which prompted the immediate removal of controls on equities. Our results may be affected by the simultaneity of the authorities' policies: capital outflow liberalization was implemented during approximately the same period as the URR; thus, the results may reflect the effect of both policies.
Although the URR did not contribute to a higher interest rate differential or moderate appreciation pressure (Figure 8) , the other controls implemented at the same time appear to have helped achieve greater monetary policy independence or a further increase in outflows. Figure 10 shows the impulse responses to a one standard deviation shock to the other inflow controls. The shock to the inflow control index, which includes some tightening measures intended to support the URR, allowed a 0.4 percent wider interest rate differential for three quarters. Similarly, the one standard deviation shock to the outflow control index allowed a 0.2 percent wider interest rate differential for two quarters. (The corresponding impulse response is not reported for brevity.) Table 5 additionally indicates that the outflow liberalization policy encouraged outflows significantly and reduced net flows, as we already mentioned in the previous section.
Previous studies on Thailand have mixed conclusions on the effectiveness of the URR. Coelho and Gallagher (2010) show that it was effective in stemming capital flows, but had no effect on the exchange rate. Jittrapanun and Prasartset (2009) arrive at the same conclusion with respect to the exchange rate, but they show a decline in portfolio inflows as a result of the inflow controls.
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A part of the conflict seems to arise from the fact that some studies do not differentiate between inflows and net flows. Our study shows that the URR did not have the intended effect on inflows, although it effectively reduced net flows by increasing outflows. All studies agree that the URR could not stem appreciation.
Korea
Outflow liberalization in Korea does not appear to have had a significant impact. Table 6 shows that neither the inflow control index nor the outflow control index significantly affected the volume of flows after controlling for endogeneity. Figure 11 confirms the same conclusion of the VAR estimation. It further shows that outflow liberalization had no significant impact on either the interest rate differential or real exchange rates.
By looking at responses of the disaggregated flows in Figure 12 , we find that outflow liberalization may have had an impact on the composition of the flows. Outflow liberalization, which is equal to a negative shock in the outflow control index, is weakly associated with a larger volume of long-term outflows and smaller short-term outflows.
This inefficiency may be attributable to the fact that the major changes in capital account restrictions were made in the 1990s, and those implemented in the 2000s were relatively moderate. In fact, by utilizing a similar VAR framework, Chung and Ni (2002) analyzed the impact of inflow and outflow liberalization policies in Korea for the period between 1988 and 1999. Contrary to our results, they find that both inflows and outflows increase after a shock to the liberalization policy.
VI. DISCUSSION AND CONCLUSIONS
The debate over the utility of capital controls has been lively among fast-growing EMEs. The objective of introducing controls can be justified under some circumstances, but studies have cast doubts on their effectiveness. This paper provides an updated assessment of capital controls in the 2000s and shows that the effectiveness of the controls varies in achieving the specific policy objectives.
Our findings may be summarized as follows: 33 The confidence interval for the impact on portfolio inflows is relatively wide in Jittrapanun and Prasartset (2009) .

Price-based controls on inflows were rarely effective in discouraging capital inflows or altering their composition; they were more successful in maintaining monetary policy independence. Brazil's exchange tax generally had no significant impact except for allowing higher interest rates. Colombia's URR seems to have had an initial effect on the volume and composition of capital flows, but the effectiveness quickly dissipated. It also contributed to maintaining higher domestic interest rates. Thailand's URR led to an increase in capital outflows; because this reduced net capital flows, the policy was effective, albeit not through the expected channel-that is, by reducing inflows.
Other inflow controls helped achieve part of the objectives of the price-based measure-namely, allowing a higher interest rate differential in Thailand.
 Capital controls or outflow control liberalization could not stem the appreciation of the currency in any of the examined countries.
 Liberalizing outflow controls increased outflows, and thus helped reduce net flows, in Thailand and contributed to maintaining higher domestic interest rates for two to three quarters. However, the policy was not effective in Korea.
We draw the following lessons from these episodes.
Capital controls that do not cover the majority of capital inflows, for example by exempting direct investments as in Colombia, may not have the anticipated macroeconomic impact, such as lowering the total volume of flows or easing currency appreciation pressures, even if they successfully reduce the targeted flows.
 Designing effective controls is more difficult in countries with more developed financial markets, such as Brazil, because market participants can easily find a way to circumvent them.
Restricting certain flows can lead to an unintended reaction in the markets, as illustrated by the initial stock market crash followed by an overnight partial policy reversal in Thailand.
Because controls are effective only in the short term, they are more effective in dealing with temporary surges in capital flows. For more persistent flows, they may need to be constantly adapted to close loopholes and prevent circumvention.
Finally, we note that capital controls usually come with costs and side effects that are not explicitly considered in this paper. Effectiveness in this paper is evaluated solely by a policy's ability to achieve macroeconomic objectives, but implementing capital controls often involves significant administrative costs, results in distortions, and may have long-term growth costs. Furthermore, some studies conclude that capital controls in the past led to misallocation of funds. Further assessment from other aspects appears to be necessary, possibly using microeconomic data, to fully evaluate the effects of capital control policies. 1/ Long-term flows include direct investment and other non-short-term investments. 2/ Short-term flows include portfolio investments, derivatives, and other short-term investments (short-term trade credits, currency and deposits, short-term loans, other short-term flows). Source: Authors' analyses. 1/ The GMM analysis finds that outflow liberalization had a significant impact (at the 10 percent level) on the volume of net flows by increasing outflows in Thailand.
Table 3. Regressions Explaining the Volume of Capital Flows, Brazil
Source: Authors' calculations. Note: White's heteroscedasticity-consistent standard errors are reported in parentheses. ** and * denote significance at the 5 percent and 10 percent level, respectively. Capital flows and current account balance are expressed as a percent of GDP. Interest rates, forward premiums, and EMBI spreads are expressed in percent. Real exchange rate (in log) Long-term outflows Figure 5 . Interest rate differential Long-term inflows Interest rate differential Inflow controls: Short-term baht borrowing from nonresidents was limited to B 50 million, and a limit of B 300 million was introduced on nonresidents' baht accounts in 2003. Nonresidents' accounts carried no interest except for fixedincome accounts with maturities of at least six months. Banks were not allowed to issue or sell bills of exchange in baht of any maturity to nonresidents as of November 15, 2006. Sell-and-buy-back transactions of debt securities were prohibited and a 3-month holding period on investments in government debt securities was introduced December 4, 2006; a B 50 million limit was placed on banks' borrowing of baht with maturities of less than six months from nonresidents. The limit on banks' baht borrowing and baht transactions comparable to borrowing from nonresidents without underlying trade or investment in Thailand was decreased to B 10 million on March 3, 2008.
Outflow liberalization: Investments in employee stock option plans and real estate up to a limit and lending to affiliated companies was allowed in 2002, and an aggregate limit was established on foreign investments of institutional investors in 2003. Foreign companies were allowed to issue baht-denominated bonds subject to approval by the Ministry of Finance in 2006. Significant outflow liberalization started in 2007 with gradual increases in the maximum Thai persons could invest in foreign affiliates: US$50 million in January 2007 and US$100 million in February 2008. The ceiling on institutional investors' foreign portfolio investments was increased to US$50 million in January 2007. In July 2007, the maximum for real estate purchases and other personal remittances abroad was increased to US$1 million and listed companies were allowed to make outward FDI up to US$100 million. The limits on lending abroad were increased to US$100 million and its scope expanded in February 2008; the maximum on real estate purchases was increased to US$5 million. In March 2008, banks were allowed to lend baht to or engage in comparable transactions i.e. swap with nonresidents up to B 300 million, and portfolio investments by resident individuals were allowed through private funds and securities companies.
